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BACKGROUND OF THE INVENTION 

Field of the Invention : 

[OOOl] The present invention relates to a system and method for determining the 
measure of mobility of a subscriber device in an ad-hoc wireless network with fixed 
wireless routers and wide area network (WAN) access points. More particularly, the 
present invention relates to a system and method capable of determining the mobility 
of a node in a network, such as a wireless ad-hoc network that requires the node to 
share its information with other nodes, so that the rate at which the node shares this 
information could be based on the rate of mobility of the node, to thus enable the 
nodes to share their information with other nodes more economically from a 
bandwidth usage standpoint. 

Description of the Related Art : 

[0002] In recent years, a type of mobile communications network known as an 
"ad-hoc" network has been developed for use by the military. In this type of network, 
each user terminal is capable of operating as a base station or router for the other user 
terminals, thus eliminating the need for a fixed infrastructure of base stations. Details 



of an ad-hoc network are set forth in U.S. Patent No. 5,943,322 to Mayor, the entire 
content of which is incorporated herein by reference. 

[0003] More sophisticated ad-hoc networks are also being developed which, in 
addition to enabling user terminals (mobile nodes) to communicate with each other as 
in a conventional ad-hoc network, include intelligent access points (IAPs) that further 
enable the nodes to access a fixed network and thus communicate with other user 
terminals, such as those on the public switched telephone network (PSTN), and on 
other networks such as the Internet. Details of these types of ad-hoc networks are 
described in U.S. patent application Serial No. 09/897,790 entitled "Ad Hoc Peer-to- 
Peer Mobile Radio Access System Interfaced to the PSTN and Cellular Networks", 
filed on June 29, 2001, and in U.S. patent application Serial No. 09/815,157 entitled 
"Time Division Protocol for an Ad-Hoc, Peer-to-Peer Radio Network Having 
Coordinating Channel Access to Shared Parallel Data Channels with Separate 
Reservation Channel", filed on March 22, 2001, the entire content of both of said 
patent applications being incorporated herein by reference. 

[0004] As described in the patent applications referenced above, each mobile 
node in the ad-hoc network communicates its routing table information to its 
neighboring mobile nodes and stationary nodes, such as fixed wireless routers or 
IAPs, within its radio frequency (RF) range, to inform those neighboring nodes of, for 
example, its neighboring nodes, the IAP with which it is affiliated, and its ability to 
operate as a router. For instance, if a mobile node's battery or power supply begins to 
become exhausted, the person using the mobile node may want his or her mobile node 
to cease operating as a router, or to only operate as a router if no other suitable router 
is available, to conserve battery power, as described in U.S. Patent Application Serial 
No. 09/815,164 entitled "Prioritized-Routing for an Ad-Hoc, Peer-to-Peer, Mobile 
Radio Access System", filed on March 22, 2001, the entire content of which is 
incorporated herein by reference. 

[0005] When a mobile node broadcasts its routing table to the other nodes within 
its radio frequency (RF) range, each of those other nodes store all or a relevant portion 
of this routing table information in their respective memory. Hence, the respective 



controllers in the nodes can determine whether to route packetized data to a particular 
node based on, for example, the node's neighboring nodes, the condition of the 
battery of that particular node, and so on. The ability of the mobile and fixed nodes 
(referred to generally as "nodes") to broadcast this routing information to other 
mobile nodes enable the mobile nodes to make possible the "self-healing" 
characteristics of an ad-hoc network as described, for example, in U.S. Patent No. 
5,943,322 to Mayor and in U.S. patent application Serial Nos. 09/897,790, 09/815,157 
and 09/815,164, referenced above. 

[0006] As can be appreciated from the above, due to the mobility of the mobile 
nodes in the wireless ad-hoc network, their neighboring nodes, as well as their 
affiliation with IAPs, change from time to time. That is, in a fixed or non-mobile data 
network (wireless or wired), the sharing of routing information is simple due to the 
fact that the only time the information changes is when a node is removed from the 
network. However, in an ad-hoc wireless network of the type described above, the 
mechanism for finding nodes, and determining how to route packets to these nodes, 
becomes more difficult. For example, due to the constant changes in the locations of 
the mobile nodes that are moving, it becomes difficult for the mobile nodes and their 
neighboring nodes to continuously share and update their routing table information 
with each other. In order to share this change information, large amounts of 
information must be exchanged to facilitate the updating of each node's view of the 
network topology to maintain routing decisions as up to date as possible. The more 
mobile the network is, the more frequently this data must be exchanged between 
nodes, thus requiring consumption of large amounts of the available bandwidth. 
[0007] However, as can be appreciated from the above, if the network were 
capable of determining the mobility of its mobile nodes, that is, how frequently any 
node is changing its neighboring nodes and its affiliation with an IAP due to its 
movement, the rate that node shares its information, such as location and routing table 
information, with other nodes (i.e., mobile node, fixed wireless routers and IAPs) can 
be set more commensurate to the node's movement. That is, if the node is moving 
frequently or rapidly, the node should share its information with other nodes more 



frequently, because this information is changing more frequently. Also, the rate at 
which the node needs to perform Geo-location updates that enables it to determine its 
own location, can be set to be more proportionate to the node's mobility. However, if 
a node is stationary, such as in a home or office, the node need not share its 
information with the other nodes very often, because such information remains 
basically the same, nor need it perform Geo-location updates. 

[0008] Accordingly, a need exists for a system and method capable of 
determining the mobility of a node in a network, such as a wireless ad-hoc network 
that requires the node to share its information with other nodes, so that the rate at 
which the node shares this information could be based on the rate of mobility of the 
node, to thus enable the nodes to share their information with other nodes more 
economically from a bandwidth usage standpoint. 

SUMMARY OF THE INVENTION 
[0009] An object of the present invention is to provide a system and method for 
determining the measure of mobility of a subscriber device in an ad-hoc wireless 
network with fixed wireless routers and wide area network (WAN) access points. 
[0010] Another object of the present invention is to provide a system and method 
capable of determining the mobility of a node in a network, such as a wireless ad-hoc 
network that requires the node to share its information with other nodes, so that the 
rate at which the node shares this information and performs Geo-location updates, 
could be based on the rate of mobility of the node. 

[0011] These and other objects are substantially achieved by providing a node, 
which is adapted for use in a wireless communications network, such as a wireless ad- 
hoc network, and which is capable of determining its mobility. The wireless 
communications network comprises a plurality of other nodes, at least some of which 
are stationary, such as fixed wireless routers or fixed access points to a portion of the 
network or another network. The node includes a transceiver which is adapted to 
communicate or attempt to communicate with at least one of the stationary other 



nodes in the network, and a controller which is adapted to determine a mobility factor 
of the node based on the communication or attempted communication with the at least 
one stationary other node. The communication by the transceiver with the at least one 
other stationary node enables the node to determine its distance to the at least one 
other stationary node, and the attempted communication by the transceiver with the at 
least one other stationary node enables the node to determine whether the at least one 
other stationary node is a within a transmission range of the node. The controller is 
further adapted to control a rate at which the transceiver sends information pertaining 
to the node to at least one of the other nodes in the network based on the mobility 
factor. The mobility factor represents a rate of mobility of the node, and the rate at 
which the controller controls the transceiver to send the information is proportional to 
the rate of mobility. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] These and other objects, advantages and novel features of the invention 
will be more readily appreciated from the following detailed description when read in 
conjunction with the accompanying drawings, in which: 

[0013] Fig. 1 is a block diagram of an example of an ad-hoc packet-switched 
wireless communications network employing a system and method for determining 
the mobility of nodes in the network according to an embodiment of the present 
invention; 

[0014] Fig. 2 is a block diagram illustrating an example of a user terminal 
employed in the network shown in Fig. 1 ; and 

[0015] Fig. 3 is a flowchart showing an example of operations performed by a 
mobile node for determining a mobility factor of the mobile node and for adjusting 
information sharing by the mobile node based on this mobility factor in accordance 
with an embodiment of the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0016] Fig. 1 is a block diagram illustrating an example of an ad-hoc packet- 
switched wireless communications network 100 employing an embodiment of the 
present invention. Specifically, the network 100 includes a plurality of mobile 
wireless user terminals 102-1 through 102-n (referred to generally as user terminals 
102), and a fixed network 104 having a plurality of intelligent access points (IAPs) 

106- 1, 106-2, 106-n, for providing the user terminals 102 with access to the fixed 
network 104. The fixed network 104 includes, for example, a core local access 
network (LAN), and a plurality of servers and gateway routers, to thus provide the 
user terminals 102 with access to other networks, such as the public switched 
telephone network (PSTN) and the Internet. 

[0017] The network 100 further includes fixed wireless routers 107-1 through 

107- n, which act as routers for the user terminals 102-1 through 102-n and IAPs 106- 
1 through 106-n. The user tenninals 102, IAPs 106 and fixed wireless routers 107 can 
be referred to as "nodes", with the user terminals 102 being referred to as "mobile 
nodes". 

[0018] As can be appreciated by one skilled in the art, the user terminals 102 are 
capable of communicating with each other directly, or via one or more other user 
terminals 102 operating as a router or routers for data packets being sent between user 
terminals 102, or via one or more IAPs 106 or fixed wireless routers 107, as described 
in U.S. Patent No. 5,943,322 to Mayor and in U.S. patent application Serial Nos. 
09/897,790 and 09/815,157, referenced above. Specifically, as shown in Fig. 2, each 
user terminal 102 includes a transceiver 108 which is coupled to an antenna 110 and 
is capable of receiving and transmitting signals, such as packetized data signals, to 
and from the user terminal 102, under the control of a controller 112. The packetized 
data signals can include, for example, voice, data or multimedia. 
[0019] Each user terminal 102 further includes a memory 114, such as a random 
access memory (RAM), that is capable of storing, among other things, routing 
information pertaining to itself and other user terminals 102 in the network 100, and 



information pertaining to its own location, such as Geo-location information. It 
should be notes that the fixed wireless routers 107, as well as the IAPs 106, also 
include one or more transceivers 108, antennas 110, controllers 112 and memories 
114, which can be similar to those discussed above. 

[0020] The user terminals 102 exchange their respective routing information, 
referred to as routing advertisements or routing table information, with each other via 
a broadcasting mechanism periodically, for example, when a new user terminal 102 
enters the network 100, or when existing user terminals 102 in the network 100 move. 
A user terminal 102 will broadcast its routing table updates, and nearby user terminals 
102 will only receive the broadcast routing table updates if within radio frequency 
(RF) range of the broadcasting user terminal 102. For example, assuming that user 
terminals 102-1, 102-3 and 102-4, and fixed wireless router 107-2, are within the RF 
broadcast range of user terminal 102-2, when user terminal 102-2 broadcasts its 
routing table information, that information is received by user terminals 102-1, 102-3 
and 102-4, and by fixed wireless router 107-2. However, if user terminals 102-5, 102- 
6 and 102-7 through 102-n, and the other wireless fixed routers 107 and IAPs 106 are 
out of the broadcast range, none of those user terminals, wireless fixed routers or IAPs 
will receive the broadcast routing table information from user terminal 102-2. 
[0021] Each of the user terminals 102-1, 102-3 and 102-4 (as well as the fixed 
wireless routers 107 and IAPs 106, if any) that receive the routing table information 
from user terminal 102-2 can store all or a relevant portion of that routing table 
information in their respective memory 114. Typically, each user terminal 102 will 
perform a pruning operation to reduce the amount of routing table information that it 
stores in its memory 114 as can be appreciated by one skilled in the art. It is also 
noted that when a user terminal 102 broadcasts the routing table information to its 
neighboring user terminals 102, the user terminal 102 can include routing table 
information pertaining to some or all of its neighboring user terminals 102 that it has 
previously received from them and has stored in its memory 108. Accordingly, a user 
terminal 102 receiving the broadcast routing table information from another user 



terminal 102 also receives some information pertaining to the routing capabilities of 
the neighbors of that other user terminal 102. 

[0022] It should also be noted that the IAPs 106 and fixed wireless routers 107 
can exchange routing table information with other user terminals 102, IAPs 106 and 
fixed wireless routers 107 in a similar manner. The IAPs 106 and fixed wireless 
routers 107 can also perform the updating, storing and pruning operations discussed 
above. 

[0023] An example of the manner in which user terminals 102 can communicate 
data packets to each other will now be described. Referring to Fig. 1, if user terminal 
102-1 wishes to communicate with user terminal 102-7 in the ad-hoc network, the 
controller 112 of user terminal 102-1 can determine, based on the routing table 
information stored in memory 114 of user terminal 102-1, whether to send data 
packets along a particular path to user terminal 102-7. For example, if the controller 
112 of user terminal 102-1 determines that the path including user terminal 102-2 is 
acceptable, then the controller 1 12 of user terminal 102-1 controls the transceiver 108 
of user terminal 102-1 to send the data packets addressed for user terminal 102-7 to 
user terminal 102-2 over an appropriate channel as can be appreciated by one skilled 
in the art. Using similar decision making operations, the controller 112 of user 
terminal 102-2 can control the transceiver 108 of user terminal 102-2 to send the data 
packets to, for example, user terminal 102-3, whose transceiver 108 in turn is 
controlled by its respective controller 112 to send the data packets to the destination 
user terminal 102-7. The controllers 112 of user terminals 102-1, 102-2, and so on, 
can also determine whether to route packets through any of the fixed wireless routers 
107 or IAPs 106 in a similar manner. 

[0024] Accordingly, any user terminal 102 operating in a certain region of the 
network 100 can generally use any other user terminal 102 within that region as a 
router to route data packets to a destination user terminal 102. Moreover, the access 
points 106 and fixed wireless routers 107 can also operate as routers to route data 
packets between user terminals 102. For example, user terminal 102-3 can use access 



point 106-2 or fixed wireless router 107-1 to route data packets to a destination user 
terminal 102-7 if necessary or desirable. 

[0025] As can be appreciated from the above, the nodes (i.e., user terminals 102, 
lAPs 106 and routers 107) in the network 100 use considerable available bandwidth 
not only to transmit data packets that they generate and to receive data packets 
addressed to them, but also to route data packets to other nodes. In addition, the 
nodes use bandwidth to share their routing information with other nodes as discussed 
above. Accordingly, it is desirable to minimize the rate at which the nodes share this 
routing information with other nodes in order to make available more bandwith for 
transmission of data packets throughout the network. 

[0026] As discussed above, the IAPs 106 and fixed wireless routers 107 are 
always stationary. Therefore, the routing table information that these stationary nodes 
store does not change due to the movement of these nodes. Rather, their routing table 
information may change due to the mobility of the mobile nodes that, for example, 
have different fixed wireless routers 107 as their neighbors at any given time, and 
become affiliated and unaffiliated with certain IAPs 106 due to their mobility. Also, 
even though the mobile nodes (user terminals) 106 are indeed mobile, it should be 
noted that even these nodes spend large amounts of time in a stationary position, such 
as when a user is at home or at work. Accordingly, during these stationary periods, 
the routing table information for the mobile nodes also does not change due to their 
own movement, but rather, due to the movement of other mobile nodes in and out of 
their neighborhood of nodes. 

[0027] However, at other times, such as when a user of a mobile node is traveling 
or commuting to and from work, the mobile node is, in fact, mobile. As discussed 
above, the node will typically change its neighboring nodes and LAP affiliation at 
some rate proportional to its mobility. For example, if the mobile node is moving 
rapidly, such as on a highway, the rate at which the mobile node changes it 
neighboring nodes and IAP affiliate may be high. In this event, the node will need to 
share its routing table information more frequently with other nodes because this 
information is changing more frequently. Also, the node will need to assess its 
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location more frequently by performing Geo-location updates more frequently. 
However, if the mobile node is moving slowly in traffic or is in a sparsely populated 
area in which there are fewer other mobile and fixed nodes, the rate at which the node 
changes its neighboring nodes and LAP affiliation may not be as great. In this event, 
the node may not need to share its routing information as frequently because this 
information may not change as frequently. The node may also not need perform Geo- 
location updates as frequently. 

[0028] The system and method according to an embodiment of the present 
invention therefore takes into account this large degree of variation in the mobility of 
a mobile node to adjust the rates at which the mobile node shares information, such as 
routing table information, with other nodes, and also adjusts the rate at which the 
mobile node performs Geo-location updates pertaining to its own position. That is, if 
it is determined that a particular node is stationary, then the information about that 
node, such as routing information, which it has previously shared with its neighbors is 
likely the same after a period of time, particularly if those neighbors are stationary as 
well. Therefore, the system and method controls the node to share this information 
with other nodes less frequently if the mobility of the node is small or if the node is 
stationary. On the other hand, if the mobility of the node is high, the system and 
method control the node to share this information with other neighboring nodes more 
frequently. 

[0029] The system and method according to an embodiment of the present 
invention therefore determine a factor of mobility of a node in order to adjust the rate 
at which the node shares information with other nodes. In particular, because the 
IAPs 106 and fixed wireless routers 107 are always stationary, the system and method 
uses the location and rate of movement of a node with respect to these IAPs 106 and 
routers 107 to determine the mobility of a node, as will now be described with 
reference to the flowchart shown in Fig. 3. 

[0030] As shown in step 1000, the system and method controls, for example, the 
controller 112 of a mobile node to keep track of each LAP 106 and fixed wireless 
router 107 within its RF transmission range. In doing so, the controller 1 12 monitors 



respective durations of time during which respective IAPs 106 and respective fixed 
wireless routers 107 have been within the node's transmission range. The controller 
112 also monitors the approximate distance between the mobile node and these IAPs 
106 and fixed wireless routers 107. The controller 112 can determine these distances 
based on a technique such as a measure of the exchange of request to send (RTS) and 
clear to send (CTS) messages between the node and respective IAPs 106 and fixed 
wireless routers 107, as described in a copending U.S. patent application of Eric A. 
Whitehill entitled "A System and Method for Efficiently Performing Two-Way 
Ranging to Determine the Location of a Wireless Node in a Communications 
Network", Serial No. 09/973,799, filed on October 11, 2001, the entire contents of 
which being incorporated herein by reference. The controller 112 can also measure 
the distances between the node and IAPs 106 and fixed wireless routers 107 by using 
other techniques, such as by measuring the respective power levels at which the node 
receives signals from the respective IAPs 106 and respective fixed wireless routers 
107, and, if available, respective data rates at which the respective IAPs 106 and 
wireless fixed routers 107 last used to communicate with the node, as can be 
appreciated by one skilled in the art. 

[0031] Accordingly, based on all this information, if a set of fixed nodes (IAPs 
106 and wireless fixed routers 107) have existed as neighbors of the mobile node for 
relatively long periods of time, it is determined that this node is stationary. However, 
if there is any notable change in these factors, including variations in the distances 
between the mobile node and the fixed nodes and the changing of fixed nodes in and 
out of the mobile node's list of known neighbors, the mobile node is determined to be 
mobile. The rate at which these events occur is therefore referred to as the mobility 
factor for the mobile node. The controller 112 of the mobile node can store this 
mobility factor, for example, in the node's memory 114, as indicated in step 1010. 
The mobility factor can be stored as, for example, a numerical value in which the 
minimum value is stationary, and the maximum value represents a maximum rate of 
movement that typically can be experienced by any mobile node. 
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[0032] In step 1020, the controller 112 can therefore control the rate at which the 
mobile node shares its information, such as routing information, with other nodes in 
the manner discussed above. That is, if the mobility factor is low, the controller 112 
can control the node to send its information to its neighboring nodes less frequently. 
However, if the mobility factor is high or at maximum, the controller can control the 
node to send its information to its neighboring nodes more frequently, or at the 
highest rate. 

[0033] Accordingly, because the rate at which the node shares this information is 
based on the rate of mobility of the node, the nodes are able to share their information 
with other nodes more economically from a bandwidth usage standpoint. 
Furthermore, the mobility factor of a node can also be used by other nodes to 
determine if this node may be an acceptable relayer of data packets for a neighboring 
node. The mobility factor of a node can further be used by other nodes to determine 
whether or not to consider this node in a routing decision. For example, if the 
mobility factor is high, the other nodes may determine that this node's routing 
information may be soon out of date and therefore, may these other nodes may refrain 
from using this node in their selected routing paths. The mobility factor can also 
enable the node to adjusting how quickly it needs to re-associate with a different IAP. 
In addition, if the mobility factor indicates that the node is stationary, the node can 
refrain from performing Geo-location updates, which can consume large amounts of 
bandwidth due to their required communication with other nodes, until the mobility 
factor indicates that the node has again become mobile. 

[0034] Although only a few exemplary embodiments of the present invention 
have been described in detail above, those skilled in the art will readily appreciate that 
many modifications are possible in the exemplary embodiments without materially 
departing from the novel teachings and advantages of this invention. Accordingly, all 
such modifications are intended to be included within the scope of this invention as 
defined in the following claims. 



